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ABSTRACT 

S c l e r a c t i n i a n  c o r a l  s p e c i e s  l i v i n g  on  Car ibbean  c o r a l  r e e f s  t o l e r a t e  a  r a t h e r  narrow r a n g e  of  
e n v i r o n m e n t a l  c o n d i t i o n s ,  with many s p e c i e s  o c c u r r i n g  o n l y  on  r e e f s .  I n  c o n t r a s t ,  r e e f - a s s o c i a t e d  
s p e c i e s  of  c h e i l o s t o m e  bryozoans t o l e r a t e  a  much wider  r a n g e  of c o n d i t i o n s ,  and few, i f  any s p e c i e s  a r e  
r e s t r i c t e d  t o  r e e f s .  I n  accord  wi th  t h e s e  e c o l o g i c a l  d i f f e r e n c e s ,  Car ibbean  r e e f - a s s o c i a t e d  che i los tome 
s p e c i e s  a r e  more wide ly  d i s t r i b u t e d  g e o g r a p h i c a l l y  t h a n  C a r i b b e a n  c o r a l s .  More t h a n  15% o f  t h e  
c h e i l o s t o m e s  a r e  c m p l e t e l y  c i r c u m t r o p i c a l ,  whereas none of t h e  c o r a l s  a r e .  

Given  such  s t r i k i n g  d i f f e r e n c e s  i n  g e o g r a p h i c  r a n g e ,  c h e i l o s t o m e  s p e c i e s  should be  l e s s  l i k e l y  
t o  g o  e x t i n c t  than  s c l e r a c t i n i a n  s p e c i e s .  Th i s  p r e d i c t i o n  i s  s u p p o r t e d  by the  d i f f e r e n t i a l  e v o l u t i o n a r y  
r e s p o n s e s  of  t h e  two groups  t o  u p l i f t  o f  t h e  I s thmus  o f  Panama. About h a l f  o f  t h e  C a r i b b e a n  
r e e f - a s s o c i a t e d  c o r a l s  and c h e i l o s t o m e s  o c c u r  a s  f o s s i l s  o l d e r  than the  s e p a r a t i o n  of t h e  A t l a n t i c  and 
P a c i f i c  Oceans more than  t h r e e  m i l l i o n  y e a r s  ago.  Dur ing  s u b s e q u e n t  f l u c t u a t i o n s  i n  s e a  l e v e l  and 
t e m p e r a t u r e ,  many c o r a l s  went e x t i n c t ,  s o  t h a t  t h e  modern e a s t e r n  P a c i f i c  r e e f  fauna  c o n s i s t s  e n t i r e l y  
of  w e s t e r n  P a c i f i c  s p e c i e s .  Che i los tomes  d i d  n o t  s u f f e r  comparab le  mass e x t i n c t i o n ,  and n e a r l y  h a l f  of  
t h e  C a r i b b e a n  r e e f - a s s o c i a t e d  s p e c i e s  a l s o  occur  in  the  e a s t e r n  P a c i f i c .  

Les  e s p h c e s  d e  coraux  v i v a n t  a c t u e l l e m e n t  s u r  l e s  r C c i f s  c o r a l l i e n s  des  A n t i l l e s  o n t  une 
r b p a r t i t i o n  t r h s  l t r o i t e  en ce  q u i  c o n c e r n e  l e u r s  c o n d i t i o n s  d e  v i e .  P a r  c o n t r e ,  l e s  e s p k e s  de 
c h e i l o s t o m e s ,  a s s o c i i e s  a v e c  d e s  r C c i f s  c o r a l l i e n s ,  s o n t  t r h s  r 6 s i s t a n t e s  e t ,  parmi eux,  t r h s  peu ne 
s o n t  l i m i t e e s  q u t a u  m i l i e u  r h c i f a l .  Canpte  t e n u  d e  c e s  d i f  f C r e n c e s  i c o l o g i q u e s ,  l e s  che i los tomes  
a n t i l l a i s  r 6 c i f a u x  o n t  une r e p a r t i t i o n  g60graph ique  beaucoup p l u s  l a r g e  que l e s  coraux a n t i l l a i s .  P l u s  
d e  15 '/. des  b r y o z o a i r e s  s o n t  c i r c u m t r o p i c a u x ,  t a n d i s  q u ' i l  n t y  a  p a s  u n e  s e u l e  e s p k e ,  pa rmi  l e s  
c o r a u x ,  q u i  a i t  une t e l l e  r b p a r t i t i o n .  

E t a n t  donnC l e s  n e t t e s  d i f f 6 r e n c e s  d a n s  l e s  r C p a r t i t i o n s  geograph iques  parmi l e s  coraux e t  l e s  
c h e i l o s t o m e s ,  l e s  e s p h c e s  d e  C h e i l o s t o m e s  d e v r a i e n t  S t r e  moins s u s c e p t i b l e s  que  l e s  coraux  d e  
d i s p a r a i t r e .  C e t t e  s u p p o s i t i o n  e s t  confirmCe p a r  l ' h i s t o i r e  d e  1 ' C v o l u t i o n  de chaque g roupe  pendan t  l a  
f o r m a t i o n  d e  l ' i s t h m e  de Panama. A peu prhs  l a  m i t i 6  des  e s p h c e s  de c o r a u x  r C c i f a u x  e t  d e  che i los tomes  
o n t  une  r e p a r t i t i o n  s t r a t i g r a p h i q u e  p l u s  a n c i e n n e  que l a  f o r m a t i o n  d e  l ' i s t h m e  de Panama, i l  y  a  t r o i s  
m i l l i o n s  d tannCes .  Pendan t  l e s  changements  du n i v e a u  d e  l a  mer e t  de t e n p b r a t u r e  qu i  s u i v i r e n t  l a  
f o r m a t i o n  d e  l ' i s t h m e ,  beaucoup d ' e s p b c e s  d e  c o r a u x  d i s p a r u r e n t  a l o r s  que  l a  f a u n e  a c t u e l l e  du 
P a c i f i q u e  E s t  e s t  formCe p r e s q u e  e n t i h r e m e n t  d ' e s p h c e s  c o n n u e s  d a n s  l ' O u e s t  du P a c i f i q u e .  Les 
c h e i l o s t o m e s  n t o n t  pas  CtC touchCs d e  c e t t e  manihre  e t  p r e s q u e  l a  m o i t i b  des  esphces  r b c i f a l e s  
a n t i l l a i s e s  a c t u e l l e s  s o n t  connues a u s s i  dens l e  P a c i f i q u e  E s t .  



INTRODUCTION 

Dis t r ibu t ions  of marine spec i e s  can be 
explained by v i ca r i ance  events  o r  by the  
d i s p e r s a l  a b i l i t i e s  and eco log ica l  requirements 
of individual  organisms. Of t hese  t h ree  genera l  
k inds  of c o n s t r a i n t s  on d i s t r i b u t i o n ,  v i ca r i ance  
has more t o  do with t he  s p a t i a l  r e l a t i o n s h i p s ,  
movements, and in terconnect ions  of h a b i t a t s ,  
cont inents ,  and oceans than with t he  biology of 
organisms (Nelson and P la tn i ck ,  1981). 
Moreover, d i s p e r s a l  i s  p r imar i ly  an i n d i r e c t  
s t a t i s t i c a l  o r  epiphenomena1 consequence of 
c h a r a c t e r i s t i c s  of the  l a r v a l  o r  o the r  
d i spe r sab le  s t age  i n  t he  l i f e  h i s t o r y  of a 
species .  Larvae t h a t  r e q u i r e  a long time t o  
develop among the  plankton a r e  more l i k e l y  t o  be 
d ispersed f a r  away from t h e i r  pa ren t s  than those 
t h a t  a r e  brooded t o  matur i ty ,  but t h i s  i s  not a 
necessary consequence of such d i f f e r ences ,  nor 
does it imply s e l e c t i o n  f o r  increased o r  
decreased d i s p e r s a l  (Strathmann, 1980). 

I n  c o n t r a s t ,  e co log ica l  requirements o r  
t o l e r ances  of i nd iv idua l s  d i r e c t l y  cons t r a in  
t h e i r  presence o r  absence i n  a p a r t i c u l a r  p lace  
and may a l s o  l i m i t  s pec i e s '  d i s t r i b u t i o n s  on a 
broader s ca l e .  Among molluscs,  f o r  example, 
species  t h a t  can survive  i n  numerous h a b i t a t s ,  
termed eurytopic  spec i e s ,  tend a l s o  t o  be widely 
d i s t r i b u t e d  geographically (Jackson, 1974). In 
c o n t r a s t ,  s tenotopic  spec i e s ,  meaning those t h a t  
can survive  i n  few h a b i t a t s  w i th in  a region,  tend 
t o  be narrowly d i s t r i b u t e d  geographica l ly .  These 
d i f f e r ences  may have s i g n i f i c a n t  evolut ionary  
consequences. Among both clams and s n a i l s ,  
widely d i s t r i b u t e d  spec i e s  a r e  l e s s  l i k e l y  to  go 
e x t i n c t  o r  t o  spec i a t e  than more narrowly 
d i s t r i b u t e d  species  of the  same c l ade  (Jackson, 
1974; Scheltema, 1977; Hansen, 1980; Koch, 1980; 
Jablonski  and Valentine,  1981). 

There a r e  a l s o  d i f f e r ences  i n  t he  range of 
h a b i t a t s  occupied the  ma jo r i t y  of species  
between d i f f e r e n t  z g h e r  taxa .  For example, 
s c l e r a c t i n i a n  co ra l  spec i e s  found on c o r a l  r e e f s  
a r e  gene ra l ly  r e s t r i c t e d  t o  a r a t h e r  narrow range 
of environmental condi t ions ,  inc luding warm 
temperatures,  c l e a r ,  well-i l luminated waters of 
normal oceanic s a l i n i t i e s ,  and s t a b l e  hard 
s u b s t r a t a  f o r  attachment and growth t o  matur i ty  
(Wells,  1957). Thus most r ee f - co ra l  species  a r e  
commonly found only on r e e f s .  In  c o n t r a s t ,  
spec i e s  of cheilostome bryozoans found on c o r a l  
r e e f s  a l s o  f l o u r i s h  in  a wide range of o the r  
h a b i t a t s ,  and few i f  any spec i e s  a r e  r e s t r i c t e d  
t o  r e e f s .  

I n  t h i s  paper we compare t h e  v a r i e t y  of 
h a b i t a t s  occupied by c o r a l s  and c h e i l o s t w e s  t h a t  
l i v e  on Caribbean co ra l  r e e f s  and r e l a t e  these  t o  
t he  spec i e s '  geographical  ranges.  Resul ts  a r e  
comparable t o  those observed previous ly  f o r  
molluscs.  C h e i l o s t w e s  a r e  on average much more 
widely d i s t r i b u t e d  geographica l ly  than c o r a l s ,  
and those spec i e s  occurr ing  in  many h a b i t a t s  a r e  
more widely d i s t r i b u t e d  than spec i e s  l imi ted  t o  
r e e f s .  These p a t t e r n s  a r e  r e f l e c t e d  i n  s t r i k i n g  
d i f f e r ences  i n  apparent r a t e s  of regional  
e x t i n c t i o n  among these  two groups on opposi te  
s i d e s  of t he  Isthmus of Panama. 

FAUNAS AND METHODS 

The faunas we have used inc lude  spec i e s  of 
cheilostome bryozoans (Class  Gymnolaemata: Order 

Cheilostomata) and s c l e r a c t i n i a n  c o r a l s  (Class  
Anthozoa: Order S c l e r a c t i n i a )  f r w  Caribbean r ee f  
s u b s t r a t a  shal lower  than 100 meters.  The 
cheilostomes a r e  from our own c o l l e c t i o n s  i n  
Jamaica, Be l i ze ,  and Venezuela (Jackson, 1984; 
Winston, 1984; Gleason and Jackson, i n  prep . ;  
Winston and Jackson, unpubl. da t a ) .  Of t he  more 
than 100 cheilostome species  found,. t he  taxonomy 
of the  65 i n  Appendix 1 i s  s u f f i c i e n t l y  wel l  
defined f o r  analyses  o f  t h e i r  d i s t r i b u t i o n s .  A l l  
have been examined using scanning e l e c t r o n  
microscopy; i n  most cases  we have compared ou r  
ma te r i a l  with museum specimens from the  Caribbean 
and o the r  regions .  

The l i s t  of c o r a l s  (Appendix 2)  comes from 
the  r ecen t  exhaust ive  survey of Cuban r e e f s  by 
Z l a t a r s k i  and E s t a l e l l a  (1982) supplemented by 
da t a  from Bel ize  (Cairns,  1982) and Jamaica 
(Wells, 1973a, b ) ,  and more recent  informat ion 
k indly  provided by Drs. Cairns and Z l a t a r s k i .  
The 62 spec i e s  l i s t e d  a r e  s u f f i c i e n t l y  wel l  known 
f o r  analyses  o f  d i s t r i b u t i o n s ,  al though major 
problems s t i l l  plague the  taxonomy of P o r i t e s  and 
Agaricia.  In  the  case  of Agaricia we have 
followed Z l a t a r s k i ' s  highly lumped taxonomy 
because of t h e  absence of r e l i a b l e  s k e l e t a l  
c r i t e r i a  f o r  s epa ra t ion  of what i s  almost 
c e r t a i n l y  a much l a r g e r  complex of spec i e s .  

Habi ta t  o r  n iche  breadth of c h e i l o s t w e s  was 
measured by scor ing t h e i r  occurrence i n  t h ree  
broadly def ined environments: on r e e f s ;  i n  water 
deeper than 100 meters,  which i s  a t  o r  below the  
deepes t  extens ion of hermatypic c o r a l  r e e f s  (Lang 
e t  a l . ,  1975; Reed, 1985); and on ephemeral o r  
uns table  s u b s t r a t a  including mollusc s h e l l s ,  
hydroid co lon ie s ,  s ea  g ra s ses ,  and a lgae .  These 
da t a  a r e  from our  own surveys and those c i t e d  i n  
Appendix 1. Re l i ab l e  comparable d a t a  a r e  not 
gene ra l ly  a v a i l a b l e  f o r  the  co ra l s ;  they were 
the re fo re  scored a s  conta in ing o r  not conta in ing 
zooxanthellae.  . Zooxanthellate c o r a l s  a r e  
gene ra l ly  l imi t ed  t o  well-i l luminated,  open-reef 
h a b i t a t s  whereas those lacking zooxanthel lae  may 
be c r y p t i c ,  t y p i c a l l y  occur over a wider depth 
range than spec i e s  with zooxanthellae,  and a r e  
not  n e c e s s a r i l y  associa ted  with r e e f s  (Wells, 
1973a, b; Zibrowius 1980; Schumacher and 
Zibrowius, 1985). 

Geographic ranges of co ra l  and cheilostome 
species  were based on t h e i r  occurrence i n  t h ree  
o the r  t r o p i c a l  regions :  ea s t e rn  A t l a n t i c  
(Azores, Canary I s l ands ,  Mediterranean, West 
Af r i ca ) ,  Indo-west P a c i f i c  (Red Sea, Indian 
Ocean, western P a c i f i c  Ocean), and e a s t e r n  
P a c i f i c  (Hawaii, Galapagos, and the  mainland 
American coas t ) .  We in t e rp re t ed  these  da t a  
conservat ive ly ;  a l l  ques t ionable  occurrences were 
excluded. 

S t a t i s t i c a l  comparisons were made using 
contingency-table,  difference-in-median,  and 
rank-corre la t ion  procedures app ropr i a t e  f o r  
o r d i n a l  d a t a  (S i ege l ,  1956). 

RESULTS 

Cheilostome Di s t r i bu t ions  

Most reef -associa ted  cheilostomes a l s o  occur 
i n  o t h e r  h a b i t a t s  (Table 1 ) .  Of the  65 spec i e s  
i n  Appendix 1 ,  more than 75% a l so  occur deeper 
than 100 meters  o r  on ephemeral s u b s t r a t a ,  and 
more than 25% occur i n  both s i t u a t i o n s .  These 
Caribbean spec i e s  a r e  a l s o  widely d i s t r i b u t e d  
geographica l ly  (Table 1 ) .  Almost two t h i r d s  



occur i n  a t  l e a s t  one of  the  t h ree  o the r  t r o p i c a l  
regions. Nearly ha l f  a r e  present  i n  t he  e a s t e r n  
p a c i f i c  and about one t h i r d  i n  t he  e a s t e r n  
At l an t i c  o r  Indo-west Pac i f i c .  Moreover, 11 out  
of  65 (17%) occur i n  a l l  three  regions  and so a r e  
completely c i rcumtropica l  . 

The numbers of add i t i ona l  h a b i t a t s  (0 ,1 ,2 )  
and geographic regions  (0 ,1 ,2 ,3 )  occupied a r e  no t  
independent (3x4 contingency t a b l e ,  c h i  
square=21.8, P=0.002), and a r e  p o s i t i v e l y  
co r r e l a t ed  (Spearman rank c o r r e l a t i o n ,  
rz0.48, P< 0.001). 

TBLE 1. Habi ta t  and geographic d i s t r i b u t i o n s  of 
65 cheilostome spec i e s  l i v i n g  on Caribbean c o r a l  
r e e f s .  Habi ta ts :  O=occurrence only  on r e e f s .  
l loccurrence  deeper than 100 meters o r  on 
ephemeral s u b s t r a t a ,  2=occurrence i n  both non- 
r e e f a l  environments. Geographic range: 
occurrence i n  0, 1, 2, o r  3 o the r  regions  bes ides  
the Caribbean. Data from Appendix 1. 

both pa t t e rn  and ex ten t .  The s t ronges t  
a f f i n i t i e s  of the  cheilostomes a r e  t o  the  ea s t e rn  
Pac i f i c ,  whereas those of the  c o r a l s  a r e  t o  the  
ea s t e rn  At l an t i c  (Table 3,  2x3 contingency t ab l e .  
c h i  squa re4 .09 ,  Pz0.02). The geographic ranges 
of the  two groups a r e  a l s o  d i f f e r e n t  (Tables 1 
and 2. 2x4 contingency t a b l e ,  c h i  square=26.8. 
P 4 0 . 0 0 1 ) ;  the median number of add i t i ona l  
regions inhabited by the cheilostomes i s  one. 
whereas t h a t  f o r  the  c o r a l s  i s  zero (Mann-Whitney 
U Tes t ,  z=4.76, Pc0 .001) .  These d i f f e r ences  
d isappear ,  however, i f  we c o n t r a s t  only the  
ahermatypic c o r a l s  with the  cheilostomes (2x4 
contingency t a b l e ,  c h i  square=4.57, P r 0 . 2 0 ) .  
Ahermatypes a l s o  show no p a r t i c u l a r  a f f i n i t y  to  
any of the o the r  three  geographic regions  (Table 
3 ) .  

TABLE 3. Comparison of geographic d i s t r i b u t i o n s  
of Caribbean reef-associa ted  cheilostomes and 
co ra l s .  Data a r e  numbers of Caribbean spec i e s  . - 
a l s o  found i n  each of the  t h ree  o the r  t rop ica l  

Habi ta t  Geographic Range regions .  
D i s t r i b u t i o n  0 1 2 3 To ta l  

Geographic Region 
0 9 6 0 0  15 Eas tern  Eas tern  I n d o r e s t  
1 1 3 7 9 3  3 2 Group A t l a n t i c  P a c i f i c  P a c i f i c  
2 3 3 4 8  18 

Cheilos tomes 23 30 22 
Tota l  25 16 13 11 65 

Zooxanthellate 
Corals 7 0 0 

Azooxanthellate 
Coral  D i s t r i b u t i o n s  Corals 4 3 2 

Caribbean c o r a l s  tend t o  be l imi t ed  t o  the  Tota l  Corals 11 3 2 
western  A t l a n t i c  (Table 2) .  Less than 20% o f  t he  
s ~ e c i e s  i n  ADDendix 2 occur i n  t h e  e a s t e r n  . . 
~ i l a n t i c  and l e s s  than 5% i n  the  I n d o r e s t  
P a c i f i c  o r  e a s t e r n  P a c i f i c .  None a r e  
c i rcumtropica l .  

There i s  a s i g n i f i c a n t  d i f f e r ence  i n  t he  
geographic d i s t r i b u t i o n s  of c o r a l s  wi th  and 
without zooxanthel lae  (Table 2. 2x3 contingency 
t a b l e ,  c h i  square=19.8, Pl-0.001). The median 
number of a d d i t i o n a l  regions inhabi ted  i s  zero  
f o r  c o r a l s  with zooxanthellae and one f o r  those  
without (Mann-Whitney U Tes t ,  z=1.90, PZ0.03). 
I f ,  a s  i s  gene ra l ly  assumed, these  predominantly 
s h a l l o w r a t e r  spec i e s  lacking zooxanthel lae  occur 
i n  a wider range of h a b i t a t s  than those  wi th  
zooxanthel lae ,  then the  r e l a t i o n  between h a b i t a t  
breadth  and geographic range f o r  t he  c o r a l s  i s  
q u a l i t a t i v e l y  comparable t o  t h a t  of the  
chei los tomes .  

TABLE 2. Geographic d i s t r i b u t i o n s  of Caribbean 
reef-associa ted  c o r a l s .  Geographic ranges a s  i n  
Table 1; d a t a  from Appendix 2. 

Coral Geographic Range 
Group 0 1 2 3 To ta l  

Zooxanthel la te  44 7 0 0 51 
Azooxanthel la te  6 1 4 0 11 

To ta l  Corals 50 8 4 0 62 

Cheilostomes Versus Corals 

D i s t r i b u t i o n s  of Caribbean reef-associa ted  
cheilostomes and c o r a l s  a r e  very d i f f e r e n t  i n  

DISCUSSION 

The i d e n t i f i c a t i o n  of both c o r a l  and 
cheilostome species  i s  commonly based on 
morphological f ea tu re s  o f  t h e i r  skeletons.  
Behavioral o r  reproduct ive  d a t a  a r e  only  r a r e l y  
used t o  confirm spec i e s  d i s t i n c t i v e n e s s  (Lang, 
1971, 1984; Wells, 1973a; Winston, 1978, 1982). 
A l t e rna t ive  techniques such as  e l ec t rophores i s  
have hardly  been t r i e d  and have had no r e a l  
impact t o  da t e .  Thus it i s  probable t h a t  s eve ra l  
of the  spec i e s  i n  Appendices 1 and 2 may be 
subdivided a s  new d a t a  become ava i l ab l e .  
However, t he re  i s  no reason t o  be l i eve  t h a t  
cheilostomes a r e  any more lumped than co ra l s ,  and 
the  d i f f e r ences  i n  d i s t r i b u t i o n s  between co ra l  
and cheilostome spec i e s  a r e  so enonwus t h a t  we 
a r e  conf ident  they w i l l  survive  any fu tu re  
taxonomic per turbat ions .  

Why a r e  t he re  such s t r i k i n g  d i f f e r ences  i n  
t h e  breadth and p a t t e r n  of d i s t r i b u t i o n s  between 
Caribbean c o r a l s  and cheilostomes? Differences 
i n  l a r v a l  d i s p e r s a l  a r e  un l ike ly  t o  be important 
(reviewed i n  Jackson, i n  p r e s s ) .  A l l  of  the  
cheilostomes i n  Appendix 1 brood embryos which 
a r e  re leased a s  la rvae  unable t o  d r i f t  f o r  more 
than a few hours t o  a day before  se t t lement .  The 
c o r a l s  i n  Appendix 2 inc lude  both brooders and 
broadcas ters  (Szmant-~roel ich ,  i n  ~ r e s s ) .  Larvae 
o f  broadcasting spec i e s  probably d i spe r se  f a r t h e r  
than those of brooding c o r a l s ,  but i t  i s  
extremely un l ike ly  t h a t  t he  l a rvae  of any of the 
c o r a l s  o r  bryozoans considered he re  could survive 
more than a f r a c t i o n  of t he  journey across  the 
A t l a n t i c  o r  ea s t e rn  P a c i f i c  b a r r i e r .  Indeed. 



t he re  i s  no d i f f e r ence  i n  t he  median geographic 
range of brooding and broadcasting spec i e s  i n  
e i t h e r  group (Jackson, i n  p re s s ) .  Thus the  only  
explanat ion  f o r  t h e i r  widespread d i s t r i b u t i o n s  is  
some form of s e s s i l e  d i s p e r s a l ,  of which r a f t i n g  
on n a t u r a l  ob j ec t s  ( ~ u m i c e ,  t r e e s ,  ke lp ,  seeds ,  
e t c . )  is the most probable explanat ion  ( J o k i e l ,  
1984; Jackson, i n  p re s s ) .  Such m a t e r i a l  i s  more 
abundant than i s  gene ra l ly  apprecia ted;  e.g., 
d r i f t e d  pumice is  o f t e n  abundant i n  t he  s o i l  of 
P a c i f i c  a t o l l s  (Wiens, 1962), and is commonly 
encrus ted  by bryozoans and c o r a l s  ( J o k i e l ,  1984; 
R. Olson, personal communication). 

Chances of succes s fu l  r a f t i n g  depend on s t  
l e a s t  t h r ee  f a c t o r s :  p robab i l i t y  of recrui tment  
onto f l o a t i n g  m a t e r i a l ,  a b i l i t y  t o  grow to  
reproduct ive  matur i ty  before  the  substratum s inks  
o r  i s  des t royed,  and recrui tment  onto  new 
s u b s t r a t a  by l a rvae  o r  c lona l  fragments w i th in  
the  newly colonized a rea .  Since most r ee f -  
a s soc i a t ed  cheilostomes a l s o  occur on ephemeral 
s u b s t r a t a  such a s  s h e l l s  o r  a lgae ,  they can a l s o  
s e t t l e  on d r i f t i n g  n a t u r a l  o b j e c t s ,  o r  onto  
vege ta t ion  t h a t  subsequently may be t o r n  loose .  
They may a l so  survive  i f  sunk i n  depths of a few 
hundred meters ,  and thus  may be d.ispersed from 
one place t o  another over s eve ra l  genera t ions .  
In  add i t i on ,  most reef -associa ted  cheilostomes 
reach sexual matur i ty  w i th in  a few months, and 
almost a l l  i n  l e s s  than one year (Winston and 
Jackson, 1984, unpubl. da t a ) .  I n  a l l  t he se  
c h a r a c t e r i s t i c s ,  cheilostomes a r e  very s i m i l a r  t o  
c lona l  a sc id i ans  which a r e  a l s o  commonly 
d i s t r i b u t e d  ha l f  way around the  world (Kot t ,  
1974). 

'Ihese events  a r e  f a r  l e s s  l i k e l y  f o r  c o r a l s ,  
e s p e c i a l l y  those wi th  zooxanthellae.  Even on 
pumice, the  most common c o r a l s  a r e  h igh ly  
oppor tun i s t i c  species  l i k e  Poci l lopora  damicornis 
( J o k i e l ,  1984) whose larvae  a r e  probably a l s o  
capable of except ional ly  long-distance d i s p e r s a l  
(Richmond, 1985). Moreover, no zooxan the l l a t e  
c o r a l s  can su rv ive  a t  depths below about 100 
meters ,  and they a l s o  r equ i r e  s e v e r a l  years  t o  
reach sexual matur i ty  (Koj is  and Quinn, 1981a, b ,  
1982, 1985; Har r io t ,  1983; Babcock, 1984; Szmant- 
F roe l i ch ,  1985). Cora ls  t ha t  normally l ack  
zooxanthel lae  a r e  gene ra l ly  smal ler ,  and may be 
more l i k e l y  to  be c a r r i e d  about on s u b s t r a t a  such 
a s  rocks caught i n  the  ho ld fa s t s  of d r i f t i n g  
kelps  (Gerrodet te ,  1981). I n s u f f i c i e n t  da t a  a r e  
a v a i l a b l e  f o r  t h e i r  ages of f i r s t  reproduct ion ,  
but they a r e  un l ike ly  to  reproduce a s  e a r l y  a s  
cheilostomes ( d a t a  on colder  water spec i e s  
reviewed i n  Fad la l l ah ,  1983). Thus b o t h ,  the  
broad h a b i t a t  t o l e r ance  and e a r l y  reproduct ive  
matur i ty  of reef -associa ted  cheilostomes should 
g r e a t l y  i nc rease  t h e i r  chances of succes s fu l  
d i s p e r s a l  by r a f t i n g  compared to  zooxan the l l a t e  
c o r a l s ,  and chances f o r  c o r a l s  lacking 
zooxanthellae should l i e  somewhere i n  between. 
For these  organisms, apparent ly ,  c o n s t r a i n t s  on 
d i s p e r s a l  a r e  determined p r imar i ly  by the  
eco log ica l  requirements and biology o f  t he  post- 
l a r v a l  s t age .  

The g r e a t e r  niche breadth  and geographic 
range of reef -associa ted  cheilostome spec i e s  
should render  them e v o l u t i o n a r i l y  more 
conservat ive  than reef-associa ted  c o r a l s  ( c . f .  
Jackson 1974, 1977). In  widely d i s t r i b u t e d  
spec i e s  t h e r e  is  l e s s  chance of reproduct ive  
i s o l a t i o n  of popula t ions ,  with the  p o s s i b i l i t y  of 
subsequent spec i a t ion .  There is  a l s o  l e s s  chance 
of e x t i n c t i o n  through t o t a l  o b l i t e r a t i o n  of an 

h a b i t a t  than f o r  narrowly d i s t r i b u t e d  spec i e s .  
Rel iable  species- level  r a t e s  of evo lu t ion  a r e  not 
a v a i l a b l e  f o r  e i t h e r  group. Never theless ,  
cons iderable  evidence s t rong ly  sugges ts  t ha t  
evolut ionary  pa t t e rns  a r e  a s  p red ic t ed ,  a t  l e a s t  
f o r  the c o r a l  and cheilostome faunas on oppos i t e  
s ides  of the Isthmus of Panama. 

Many, perhaps h a l f ,  of the  cheilostome and 
c o r a l  species  i n  Appendices 1 and 2 a r e  descr ibed 
from f o s s i l  depos i t s  i n  t he  Caribbean and Cen t r a l  
America t h a t  predate  the  s epa ra t ion  of the  
Caribbean and eas t e rn  P a c i f i c  by the  emergence of 
the Isthmus of Panama roughly 3 mi l l i on  yea r s  ago 
(Canu and Bsss l e r ,  1919, 1923, 1928b; Woodring, 
1966, 1970; F r o s t ,  1977). Thus t h e i r  presence o r  
absence on e i t h e r  s i d e  of the  Isthmus needs t o  be 
explained i n  terms of events  subsequent t o  t h e i r  
separa t ion  r a t h e r  than a s  a simple problem of 
d i s p e r s a l  (Lagaai j  and Cook, 1973). A s  
sumar i zed  by Glynn and Wellington (19831, the  
l a t e  Pliocene and P le i s tocene  were times of g rea t  
f l u c t u a t i o n s  i n  both sea  l e v e l  and sea  
temperatures i n  the t r o p i c a l  Americas. During 
t h i s  period l a rge  numbers of c o r a l  genera became 
e x t i n c t  i n  both the  Caribbean and e a s t e r n  P a c i f i c  
(F ros t ,  1972, 1977; Glynn and Wel l ington, l983) ,  
and the  co ra l  faunas of t he  two regions  have 
diverged so markedly t h a t  today the  s t ronges t  
species- level  and gener ic  a f f i n i t i e s  of e a s t e r n  
P a c i f i c  zooxanthel la te  c o r a l s  a r e  with the 
western Pac i f i c .  The same is  t r u e ,  al though to  a 
l e s s e r  ex t en t ,  f o r  c o r a l s  without zooxanthel lae  
(Glynn and Wellington, 1983; Wells, 1983). 

I n  s t r i k i n g  c o n t r a s t ,  t he re  i s  no i n d i c a t i o n  
of mass ex t inc t ion  of cheilostomes over the  same 
period.  Nearly h a l f  of the Caribbean spec i e s  
occur on both s ides  of t he  Isthmus, a p a t t e r n  
a l ready pointed o u t  by Cheetham and Sandberg 
(1964) f o r  Bryozoa from the  Gulf of Mexico. Even 
i f  f u t u r e  work were t o  r e v e a l  s i g n i f i c a n t  t r sns -  
Isthmian divergence i n  reproduct ive  behavior o r  
e l ec t rophore t i c  d i s t a n c e  i n  a l l  these  spec i e s ,  
comparable to  those i n  s ea  urchins  (Less ios ,  
1981, 1984), s i m i l a r i t i e s  i n  cheilostome faunas 
across  t he  Isthmus would s t i l l  v a s t l y  exceed 
those i n  co ra l s .  

These observat ions  con t r ad i c t  t he  v i ca r i snce  
not ion  t h a t  the  modern e a s t e r n  P a c i f i c  fauna is  a 
legacy of a pre-Pliocene trans-American fauna 
whose geologica l  record has  somehow been 
t e c t o n i c a l l y  e r a sed ,  a s  was suggested f o r  reef 
c o r a l s  by Heck and McCoy (1978). Cheilostomes 
l i v i n g  i n  the e a s t e r n  P a c i f i c  do show s t rong  
a f f i n i t i e s  t o  those l i v i n g  i n  t he  Caribbean, but  
the  c o r a l s  c l e a r l y  do not .  

S imi lar  c o r r e l a t i o n  of niche breadth,  
geographic range,  and evolut ion  occur among 
arborescent  cheilostomes from environments o the r  
than c o r a l s  r e e f s  (Winston and Cheetham, 1984). 
Since the  Eocene, spec i e s  of Ne l l i a  capable of 
l i v i n g  i n  many environments and on many kinds of 
s u b s t r a t a  have been widely d i s t r i b u t e d  
geographica l ly ,  and evo lu t iona r i l y  ~ e r s i s t e n t  . 
In  c o n t r a s t ,  spec i e s  of the  r e l a t e d  genus 
P o r i c e l l a r i a  have been gene ra l ly  more s tenotopic .  
l e s s  widely d i s t r i b u t e d ,  and s h o r t e r  l ived.  

In  s u m a r y ,  s t  l e a s t  i n  the  ~ m e r i c a s ,  t he re  
seems l i t t l e  doubt t h a t  cheilostomes a r e  
e v o l u t i o n a r i l y  more conservat ive  than the  corals 
upon which they commonly dwell .  ~ r o x i m a t e l y  t h i s  
is because cheilostomes tend t o  be more widely 
d i s t r i b u t e d  than c o r a l s ;  u l t ima te ly ,  we bel ieve .  
it i s  because they can l i v e  i n  a g r e a t e r  variety 
of environments. Thei r  co ra l  s u b s t r a t a  changed 



but the  cheilostomes did  n o t ,  because t h e i r  broad DUMONT J.P.C., 1981. A r epor t  on the cheilostome 
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Appendix 1. Geographic and h a b i t a t  d i s t r i b u t i o n s  
of 65 spec i e s  of Caribbean reef-associa ted  chei-  
lostome bryozoans . EA=eastern A t l a n t i c ,  
EP=eastern P a c i f i c ,  IP=Indo-west P a c i f i c ,  
D=depths>100 meters ,  E=ephemeral s u b s t r a t a ,  
UB=Canu C Bassler .  References: Banta and Carson, 
1977; Canu and Bass ler ,  1928a,b, 1929; Cook, 
1964a,b, 1968; Dumont, 1981; Gleason and Jackson, 
i n  prep; Gordon, 1984; Harmer, 1926, 1957; Hay- 
ward and Cook, 1983; Hayward and Ryland, 1979; 
Hincks. 1881; Lagaaij ,  1963; Long and Rucker, 
1970; Marcus, 1938, 1939, 1949, 1955; Maturo, 
1968; Moyano, 1983; Osburn, 1914, 1940, 1950, 
1952; Powell, 1971; Powell and Cook, 1967; Ryland 
and Hayward, 1977; Smit t ,  1873; D. Soule and J .  
Soule.  1964, 1973; J .  Soule,  1959, 1961; Wass and 
Yoo, 1983; Winston. 1982, 1984; Winston and 
Jackson, 1984, unpubl. da ta .  

Aimulosia p a l l i o l a t a  (C C B),  1928 [EP,D,E] 
Antropora typ ica  (C C B). 1928 [Dl 
Arthropoma c e c i l i i  (Audouin) , 1826 [EA,EP, IP,D,E] 
Arthropoma ~ u n c t i g e r i u m  ( ~ a c ~ i l l i v r a ~ ) ,  1883[IP] 
Calyptooecia i n s id iosa  Winston, 1984 
Canda simplex Busk. 1884 
Ce l l epo ra r i a  a l b i r o s t r i s  (Smi t t ) ,  1873 [EP,E] 
Ce l l epo ra r i a  ape r t a  (Hincks),  1882 [EA,IP,D] 
Chorizopora b r o n g n i a r t i i  (Audouin), 1826 [EA,EP, 

IP,D.El 
Cleidochasma contractum (Waters),  1899 [EA,EP, 

D,El 
Cleidochasma porcellanum (Busk), 1860 [EA,EP,IP, 

D,El 
0 leopora americana Osburn, 1940 
Coleopora ?corderoi  Marcus, 1949 
7Cranosina coronata (Hincks). 1881 [ I P ]  
Cras s imarg ina t e l l a  tuberosa (C C B),1928 [EA,D,E] 
Crepidacantha poissoni teres (Audouin), 1826 

[EA.EP.IP,D,EI 
Crepidacantha longise ta  C C B, 1928 [D,E] 
Crepidacantha s e t i g e r a  (Smi t t ) ,  1873 [EA,EP,E] 
C r i b i l a r i a  f l a b e l l i f e r a  (K i rkpa t r i ck ) ,  1888 

[EA,EP,IP,D,EI  
C r i b i l a r i a  r a d i a t a  (Moll) ,  1803 [EA.IP,D.E] 
Drepanophora tuberculatum (Osburn) ,1914 [Ea ,EP, El 
Escharina pesanser is  (Smi t t ) ,  1873 [EA,EP,IP,D,E] 
Escharina porosa  i mitt) , 1873 [EA,EP,D,E]  
Exechonella a n t i l l e a  (0sburn) , 1927 [EA, EP, IP,E] 
F l o r i d i n e l l a  typica  C B, 1928 [ D , E ]  
Gemelliporidra bel ikana  Winston, 1984 [E]  
Gemelliporidra magniporosa (C h B), 1923 [D,E] 
G e m e l l i ~ o r i d r a  c . f .  typica (C h B) ,  1927 [Dl 
Gephyrophora & Osburn, 1940 [El 
Halophila johnstoniae Gray, 1843 [ IP]  
Hippopleur i fera  be l i zae  Winston, 1984 
Hippopodina feegeensis  ( ~ u s k ) ,  1884 [EP, IP,  D,E] 
Hippoporella gorgonensis Hastings,  1930 [EA,EP,D]  
Hippoporina per tusa  ( ~ s ~ e r ) ,  1796 [EA,EP,E] 
Labiopore l la  granulosa (C C B ) ,  1928 
Margare t ta  buski Harmer, 1957 [ IP ]  
Micropore l la  mayensis Winston, 1984 [El 
Micropore l la  umbracula (Audouin), 1826 [EP,E] 



Mollia p a t e l l a r i a  (Moll) ,  1803 [EA, IP,D] 
Parasmit t ina  a r e o l a t a  (C h  B),  1927 [EP] 
Parasmit t ina  s e r r u l a  Soule h  Soule , 1973 [EP, IP, 

El 
Parasmit t ina  ?uncinata  Soule h Soule ,  1973 IEP,EJ 
P a r e l l i s i n a  c u r v i r o s t r i s  (Hincks) ,  1862 [EA,EP, -- 

IP,D,El 
P a r e l l i s i n a  l a t i r o s t r i s  Osburn, 1940 [El 
~ e t r a l i e l l a  b i s inua t a  ( S m i t t ) ,  1873 [ I P ]  
Reptadeonella b i p a r t i t a  (C h B), 1928 
Reptadeonella c o s t u l a t a  (C h B), 1928 [El 
Reptadeonella sp. [El 
Retevi rgula  t ubu la t a  (Hast ings) ,  1930 [EP,D,E] 
Rhynchozoon spicatum Osburn, 1952 [EP,EI 
Rhynchozoon verruculatum (Smi t t ) ,  1873 [El 
Semihaswellia sinuosa C h  B ,  1928 [Dl 
Smit t ina  kukuiula Soule h  Soule ,  1973 [EP,E] -- 
Smi t t i na  ophidiana Waters,  1879 [EA,E] 
Smit t ipora  l ev insen i  (C h  B), 1928 [EA,EP,E] 
Smit t ipora  a c u t i r o s t r i s  (C h  B) ,  1928 [D]  
Steginopore l la  sp.  (see Winston 1984, Fig.20) 
Steginopore l la  magnilabris (Busk), 1834 [EA,EP, 

IP.Dl 
~ t ~ l o ~ o m a  spongi tes  ( P a l l a s ) ,  1766 [EP,E] 
Synnotum aegyptiacum (Audouin), 1826 [EA,EP, IP,E] 
Trematooecia a v i c u l i f e r a  (C  h B ) ,  1923 [ E ]  
Trematooecia t u r r i t a  (Smit t )  , 1873 [EP, IP,E] 
Tremogasterina mucronata (Smi t t ) ,  1873 [El 
Tremogasterina t r u n c a t o r o s t r i s  C h  B ,  1923 
Trypostega venusta (Norman), 1864 [EA,EP, IP,D,E] 

Appendix 2. Geographic d i s t r i b u t i o n  and t roph ic  
s t a t u s  of 62 species  of Caribbean reef-associa ted  
co ra l s .  EA=eastern A t l a n t i c ,  EPEeastern P a c i f i c ,  
IP'Indo-west P a c i f i c ,  Z=zooxanthel la te ,  A=azoo- 
xan the l l a t e .  EhS=Ellis h Solander,  MEhH=Milne 
Edwards h  Haime. References:Cairns,  1982; 
Cheval ier ,  1954, 1966; Durham, 1947, 1966; Durham 
and Barnard, 1952; Glynn and Wellington, 1983; 
Laborel ,  1969, 1970, 1974; Weisbord, 1973; Wells, 
1973a,b,  1983; Z l a t a r s k i  and E s t a l e l l a ,  1982. 

Acropora ce rv i co rn i s  (Lamarck), 1816 [Z] 
Acropora palmata (Lamarck), 1816 [Z] 
Acro o r a  p r o l i f e r a  (Lamarck), 1816 [Z] & a g a r i c i t e s  f .  b i f a c i a t a  Z l a t a r s k i ,  1982 

[ZI 
Agar ic ia  a g a r i c i t e s  f .  massiva Z l a t a r s k i ,  1982 

[ZI 
Agar ic ia  a g a r i c i t e s  f .  u n i f a c i a t a  Z l a t a r s k i ,  

1982 [Z]  
Ast rangia  s o l i t a r i a  (Lesueur) , 1817 [A] 
Car oph l l a  smi th i ( ?=c lavus )  Stokes and Broderip,  

isY28 ) ; E A , I r  - 
Cladocora arbuscula ( ~ e s u e u r )  , 1821 [ z ]  
Coenocyathus h a r t s c h i  Wells,  1947 [A] 
Col langia  immersa Pour t a l e s ,  1871 [A]  
Collan i a  sim lex  Pour t a l e s ,  1871 [A] 
ColpopEyllia b r a n s  (Houttuyn),  1772 121 
Dendrogyra cy l ind r i cus  Ehrenberg, 1834 [Zl 
Dichocoenia s t o k e s i  ME h  H ,  1848 [Z] 
D ip lo r i a  c l i vosa  (E h S ) ,  1786 [EA,Z] 
D ip lo r i a  l aby r in th i fo rmis  (Linnaeus) , 1758 , [2]  
D ip lo r i a  s t r i g o s a  (Dana), 1848 [Z] 
Eusmilia f a s t i g i a t a  ( P a l l a s ) ,  1766 [Z] 
Eusmilia guacana~abens i s  Z l a t a r s k i ,  1982 [Z] 
Favia fragum ( ~ s ~ e r ) ,  1797 [EA, Z] - 
Gardiner ia  minor Wells,  1973 [A] 
Guynia annulata Wells,  1973 [EA, A] 
H e l i o s e r i s  cucu l l a t a  (E h S ) ,  1786 [Z] 
I s o p h y l l a s t r e a  r i g i d a  (Dana), 1848 [Z] 
Isoph l l i a  s inuosa  (E h  S ) ,  1786 [Z] 
Madrazis asperula  Me h H, 1850 [EA,EP,A] 

Madracis d e c a c t i s  (Lyman), 1859 [EA,Z] 
Madracis formosa Wells,  1973 [Z/A?] -- 
Madracis m i r a b i l i s  (Duchassaing and M i c h e l o t t i ) ,  

1860 [Z] 
Madracis pharens is  ( ~ e l l e r )  , 1868 [EA,EP,Z/A] 
Madracis s ena r i a  Wells,  1973 [Z/A?] -- 
Manacina a r e o l a t a  (Linnaeus),  1758 [Z] 
Meandrina meandrites (Linnaeus),  1758 [Z] 
Meandrina memorialis Wells,  1973 [Z] 
Meandrina b r a s i l i e n s i s  (ME AH), 1848 [Z] 
Montastrea annu la r i s  (E h  S ) ,  1786 [Z] 
Montastrea cavernosa (Linnaeus),  1767 [EA,Z] 
Mussa angulosa ( P a l l a s ) ,  1766 [Z] 
Mycetophyllia a l i c i a e  Wells,  1973 [Z] 
~ ~ c e t o ~ h ~ l l i a  danaana ME h H ,  1849 [Z] 
Mycetophyllia ferox Wells,  1973 [Z] 
Mycetophyllia hydrophorida Z l a t a r s k i ,  1982 [ z ]  
Mycetophyllia lamarckiana ME h  H ,  1848 [Z] 
Mycetophyllia & Wells,  1973 [Z] 
Oculina banksi ME h  H ,  1848 [Z/A?] -- 
Oculina d i f f u s a  Lamarck, 1816 [ z ]  -- 
Phyllangia americana ME h  H ,  1849 [A] 
P o r i t e s  a s t r eo ides  Lamarck, 1816 [ z ]  
Po r i t e s  branner i  Rathbun, 1887 [Z] 
Po r i t e s  d i v a r i c a t a  Lesueur, 1820 [Z] 
Po r i t e s  f u r c a t a  Lamarck, 1816 (21 -- 
Por i t e s  p o r i t e s  ( P a l l a s ) ,  1766 [Z] 
Scolymia cubensis (ME h  H), 1849 [ z ]  
Scolymia l ace ra  ( P a l l a s ) ,  1766 [Z] 
Scolymia w e l l s i  Laborel ,  1967 [Z] 
S ide ra s t r ea  radians  ( p a l l a s ) ,  1766 [EA,Z] 
S ide ra s t r ea  s ide rea  (E h  S ) ,  1786 [EA,Z] 
Solenas t rea  bournoni ME h  H ,  1849 [ z ]  
Solenas t rea  hyades (Dana), 1846 [Z] 
Stephanocoenia i n t e r s e p t a  (Esper) , 1795 [Z] 
Tubastrea coccinea Lesson, 1829 [EP, IP,A] 


